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One of the features of the magnetic structure in LHD is 
that a rather thick ergodic layer exists outside of the last 
closed flux surface (LCFS) . In this region the field line 
length is longer than 1000 m and the plasma parameters are 
kept enough high to ionize and excite atoms and ions. When 
neutral atoms supplied by gas puffing or recycling are ion-
ized in the ergodic layer, they are immediately trapped by 
the magnetic field and can not penetrate inside of the LCFS 
beyond the ergodic layer. Therefore, quantitative measure-
ment on "screening effect" of the ergodic layer is required to 
make clear the edge particle behaviors . In this report we fo-
cus on behaviors of neutral helium atoms in NBI discharges. 
In the experiment a poloidal distribution of horizontally 
elongated plasmas is observed using vertically arranged 
(along Z axis) optical fibers array as shown in Fig . 1. The 
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Fig. 1: Geometry of the observing chords with optically 
fibers . 
visible light through the fibers is guided to a spectrometer 
and is detected with a CCD camera system. The local emis-
sion line intensities are derived by inversion technique. 
The relation between the ionization rate and emission 
line intensity is calculated with a collisional-radiative model 
code. Figure 2 shows the ne and Te dependences of the 
ratio of the ionization rate to the emitted photon number 
rate of 667.8 nm (2 1 P - 3 1 D) for neutral helium atoms. It 
is noticed that the ratio is almost constant in the low den-
sity range and it becomes larger with ne in the high density 
range. Thi s behavior is understood as the following. While 
the effective ionization rate coefficient can be approximated 
by that of the ground state in the whole density range, the 
emission line : 667.8nm(2 I P-3 10) 
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Fig . 2: Te and !Ie dependences of the ratio of the ionization 
rate and the emitted photon number rate calculated with the 
collisional-radiative model. 
dominant processes forming the population of 3 1 D is gradu-
ally changed with increasing l1e, causing the 3 1 D population 
density proportional to l1 e in the low density range and sat-
urated and kept constant in the high density range. 
The Te dependences also appeared especially in the low 
density range. It directly reflects the different Te depen-
dences of the ionization rate coefficient and collisional ex-
citation rate coefficient. 
The ionization rate profile obtained from these results is 
shown in Fig. 3. This figure also shows the particle flux 
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Fig. 3: The ionization rate and the inward flux of neutral 
helium atoms. 
profile which is derived with an assumption that the ion-
ized atoms are replenished by the inward atom flux to keep 
steady-state . It is understood from the result that o nly a few 
percent of neutral atoms can penetrate into the plasma be-
yond the ergodic layer. 
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